LIQUID CHARGING METHOD, LIQUID CONTAINER, AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND O F THE INVENTION 

5 Field of the Invention 

The present invention relates to a liquid container having 
a piezo-electric device for detecting the consumption condition 
of a liquid in the liquid container by detecting changes in the 
acoustic impedance in the medium and particularly detecting 
10 changes in the resonance frequency, and a method for charging 
the liquid container with a liquid. Typically, the liquid 
container is an ink cartridge used for an ink jet recording 
apparatus which pressurizes ink in a pressure generation chamber 
in accordance with print data by a pressure generation means and 
15 injects ink drops from a nozzle opening for printing. 
Description of the Related Art 

As an example of a conventional liquid container, an ink 
cartridge mounted to an ink jet recording apparatus will be 
explained. An ink jet recording apparatus generally has a 

2 0 pressure generation means for pressurizing a pressure generation 
chamber, a carriage with an ink jet recording head having a nozzle 
opening for injecting pressurized ink from the ink nozzle opening 
as ink drops, and an ink tank for containing ink to be fed to 
the recording head via a flow path and is structured so as to 

25 permit continuous printing. The ink tank is generally structured 
as a cartridge removable from the recording apparatus so as to 
be simply exchanged by a user when ink is exhausted. 

Further, to control ink consumption of the ink cartridge, 
there is a method for calculating the count of ink drops injected 

30 by the recording head and the ink amount sucked at the maintenance 
step of the recording head by the software and controlling ink 
consumption by calculation. Moreover, there is a method for 
attaching two electrodes for direct liquid level detection to 
the ink cartridge, thereby detecting the point of time when ink 

35 is actually consumed by a predetermined amount, and controlling 
ink consumption. 

However, in the method for calculating the injection count 



of ink drops and the ink amount sucked by the software and 
controlling the ink consumption by calculation, an innegligible 
error is caused between the ink consumption amount by calculation 
and the actual consumption amount. Further, when the cartridge 
is removed once and then mounted again, the calculated count is 
reset once, so that the actual residual volume of ink cannot be 
found at all. 

Further, in the method for controlling the point of time 
of ink consumption by the electrodes, the liquid-tight structure 
between the electrodes and the ink cartridge is complicated. 
Further, as a material of the electrodes, a noble metal which 
is highly conductive and corrosion-resistant is generally used, 
so that the manufacturing cost of an ink cartridge is increased. 
Further, the two electrodes must be mounted at separate positions 
respectively, so that the manufacturing steps are increased. 

On the other hand, a method for detecting changes in the 
acoustic impedance using a piezo-electric device, thereby 
detecting the consumption condition of a liquid in a liquid 
container is proposed. By this method, the aforementioned 
problems are eliminated. 

According to this method, the ink cartridge is mounted so 
that the piezo-electric device for detecting the residual 
quantity of ink in the cartridge comes in contact with ink in 
the ink cartridge. 

Meanwhile, when air remains in the ink cartridge when ink 
is charged in the ink cartridge, a problem of defective injection 
of the recording head arises. However, it is not easy due to a 
complicated structure of the piezo-electric device to charge ink 
in every part in the ink cartridge free of residual air. Further, 
to precisely detect the consumption condition of ink in the ink 
cartridge by the piezo-electric device, before the ink cartridge 
is used first or before it is reused, it is necessary to charge 
the ink cartridge with ink so that ink comes in contact with the 
piezo-electric device. For example, in the state that the ink 
cartridge is charged with ink fully, when ink does not come in 
contact with the face of the piezo-electric device which is to 
come in contact with a liquid for the reason of that air bubbles 
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remain on the face of the piezo-electric device which is to come 
in contact with a liquid, although the ink cartridge is fully- 
charged with ink, the piezo-electric device detects by mistake 
that the ink cartridge is not charged with ink fully. 
5 Further, recharging the used ink cartridge with ink is more 

difficult than charging a new ink cartridge with ink. In the used 
ink cartridge, ink is adhered to the part in the neighborhood 
of the ink feed port where fine slits and holes exist while in 
use and air may be shut in the slits and holes . When the ink in 

1 0 the ink cartridge is exhausted in this state and the ink cartridge 
is withdrawn, at the time of recharging the ink cartridge with 
ink, it is difficult to charge the slits and holes, where ink 
is adhered and air is shut in, with ink. 

Further, in the method for detecting changes in the 

15 acoustic impedance by the piezo-electric device, thereby 
detecting the consumption condition of the liquid in the liquid 
container, the piezo-electric device is structured so as to be 
in contact with ink in order to detect the ink level. Therefore, 
if ink is consumed and the ink level is lowered below the mounting 

2 0 position of the piezo-electric device, when ink is adhered to 
the piezo-electric device by mistake due to vibration and/or swing, 
although there is no ink under normal state, there is a risk that 
the piezo-electric device may detect by mistake that there is 
ink. Even when ink drops are adhered to the inner wall of the 

25 ink cartridge, and the ink drops fall, and ink is adhered to the 
piezo-electric device, there is a possibility that the same 
maldetection may be caused. 

Further, in a conventional ink cartridge, ink is adhered 
to the inner wall of the ink cartridge and the flow path, thereby 

30 ink remains, and the ink in the ink cartridge may not be used 
fully. The ink remaining in the ink cartridge is in contact with 
air for a long period of time, thus it is reduced in quality and 
solidified with foreign substances. When such an ink cartridge 
is recharged with new ink, there is the possibility that ink of 

35 poor quality and foreign substances coexist and the ink quality 
is reduced. 

Furthermore, when a conventional ink cartridge is to be 
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recycled, it should be fully cleaned internally. Particularly 
when an ink cartridge having an inner flow path in a complicated 
shape is to be recycled, a problem arises that the cleaning 
requires a lot of time and the cost is increased. 
5 Recently, the environmental problem is a great social 

problem and it is very desired to provide an ink cartridge which 
can be easily recycled. 

SUMMARY OF THE INVENTION 

1 0 The present invention was developed with the foregoing in 

view and is intended to provide a method for charging a liquid 
container, typically an ink cartridge, with a liquid without 
leaving air bubbles in the liquid container that is able to 
precisely detect the consumption condition of a liquid by in the 

15 liquid container using a piezo-electric device and requires no 
complicated seal structure. The present invention is also 
intended to provide a liquid container in which a liquid is charged 
by the above mentioned liquid charging method and a method for 
manufacturing the same. 

20 According to the first aspect of the present invention, 

a liquid charging method for charging a liquid container with 
a liquid, said liquid container being provided with a piezo- 
electric device for detecting a consumption condition of said 
liquid, said piezo-electric device being provided with a cavity 

2 5 connecting to an inside of said liquid container, comprises the 

steps of: reducing a pressure in said liquid container to a 
pressure lower than atmospheric pressure; and charging said 
liquid container with said liquid. 

Preferably, said pressure reducing step and said liquid 

3 0 charging step are executed in a pressure reducing container. 

Preferably, said pressure reducing step includes sucking 
and removing an air in said liquid container via an opening formed 
in said liquid container so as to reduce said pressure in said 
liquid container, and said liquid charging step includes charging 
35 said liquid container with said liquid via said opening. 

Preferably, said pressure reducing step includes, under 
a state that a first opening formed in said liquid container is 



5 



closed, sucking and removing an air in said liquid container via 
a second opening formed in said liquid container, and said liquid 
charging step includes closing said second opening and opening 
said first opening, and charging said liquid container with said 
5 liquid via said first opening. 

Preferably, the liquid charging method further comprises 
a step of, at the time of ending of liquid charging into said 
liquid container, sucking and ejecting a predetermined amount 
of said liquid from said liquid container. 
10 Preferably, said pressure reducing step and said liquid 

charging step are executed almost at the same time. 

Preferably, a flow rate of an air to be sucked from said 
liquid container is larger than a flow rate of said liquid to 
be charged in said liquid container. 
15 Preferably, said liquid charging step is executed while 

keeping said liquid container warm. 

Preferably, said liquid container has a first liquid 
containing chamber connecting to an atmospheric air and a second 
liquid containing chamber connecting to said first liquid 

2 0 containing chamber and provided with said piezo-electric device, 

said first and second liquid containing chambers being formed 
by dividing said inside of said liquid container with at least 
one partition formed in said inside of said liquid container, 
and said first and second liquid containing chambers are charged 
25 with said liquid respectively by said pressure reducing step and 
said liquid charging step. 

Preferably, in said liquid charging step, said liquid is 
charged via an opening formed at a predetermined position in said 
second liquid containing chamber and then said first liquid 

3 0 containing chamber is charged with said liquid. 

Preferably, in said liquid charging step, said first liquid 
containing chamber is charged with said liquid and then said 
second liquid containing chamber is charged with said liquid. 

Preferably, said liquid container is a used liquid 
3 5 container . 

Preferably, said liquid container has a lyophobic part 
therein which is lyophobic to said liquid in said liquid 



container . 

According to the second aspect of the present invention, 
a liquid container comprises: a container body; and a piezo- 
electric device for detecting a consumption condition of a liquid 
in said container body, said piezo-electric device being provided 
with a cavity connecting to said container body. Said container 
body is charged with a liquid by a liquid charging method including 
a step of reducing a pressure in said container body to a pressure 
lower than atmospheric pressure and a step of charging said 
container body with said liquid. 

Preferably, said liquid is ink for an ink jet recording 
apparatus, and said liquid container can be mounted to said ink 
jet recording apparatus in a removable state. 

Preferably, said liquid container has a lyophobic part 
therein which is lyophobic to said liquid in said liquid 
container. 

Preferably, said piezo-electric device has a vibration 
area which is in contact with said liquid in said container body, 
said vibration area being lyophobic to said liquid. 

Preferably, said lyophobic part includes an inner side of 
said cavity. 

The piezo-electric device may have a substrate for mounting 
a piezo-electric material to the container body. In this case, 
the lyophobic part preferably includes the part of the substrate 
in contact with a liquid in the container body. The lyophobic 
part may include a mounting structure for mounting the 
piezo-electric device to the container body. The lyophobic part 
may be the whole part of the liquid container in contact with 
a liquid in the container body. The contact angle between the 
lyophobic part and the liquid in the container body is preferably 
about 70 degrees or more. 

in the liquid container of the present invention, at least 
the periphery of the lyophobic part may be lyophilic to a liquid 
in the container body. The contact angle between the lyophobic 
part and the liquid in the container body is preferably about 
70 degrees or more and the contact angle between the lyophilic 
part and the liquid in the container body is preferably about 



30 degrees or less. 

The lyophobic part is preferably formed by covering it with 
a material lyophobic to a liquid in the container body. The 
lyophobic part may be covered with fluoride as a material 
lyophobic to a liquid. The lyophobic part may be formed from a 
material lyophobic to a liquid in the container body. The 
lyophobic part may be formed from polytetraf luoroethylene resin 
as a material lyophobic to a liquid. The lyophobic part may be 
formed by performing a roughening process for a predetermined 
material . 

The piezo-electric device attached to the liquid container 
of the present invention preferably detects at least acoustic 
impedance of a medium in the container body and detects the 
consumption condition of the liquid on the basis of changes in 
the acoustic impedance. The piezo-electric device preferably has 
a vibration part and detects the consumption condition of the 
liquid on the basis of counter electromotive force generated by 
the residual vibration remaining in the vibration part. 

According to the third aspect of the present invention, 
a method for manufacturing a liquid container comprises the steps 
of: preparing a liquid container having a container body for 
containing a liquid and a liquid feed port for feeding said liquid 
in said container body to an outside, and a piezo-electric device 
for detecting a consumption condition of said liquid in said 
container body, said piezo-electric device being provided with 
a cavity connecting to an inside of said container body; forming 
a lyophobic part in said piezo-electric device, said lyophobic 
part being lyophobic to said liquid in said container body; 
attaching said piezo-electric device to said liquid container; 
and charging said container body with said liquid using a liquid 
charging method, said liquid charging method comprising a step 
of reducing a pressure in said container body to a pressure lower 
than atmospheric pressure and a step of charging said container 
body with said liquid. 

Preferably, said attaching step is executed after said 
forming step is executed. 

Preferably, said forming step is executed after said 



attaching step is executed. 

Preferably, said preparation step prepares an attaching 
structure for attaching said piezo-electric device to said liquid 
container together with said liquid container and said 
piezo-electric device. Said manufacturing method further 
comprises a step of mounting said piezo-electric device to said 
attaching structure. Said piezo-electric device is attached to 
said liquid container when said attaching structure is attached 
to said liquid container in said attaching step after said 
mounting step. 

Preferably, said forming step is executed after said 
mounting step is executed. 

Preferably, said forming step is executed after said 
mounting step and said attaching step are executed. 

Preferably, said mounting step is executed after said 
forming step is executed. 

The forming step preferably covers the lyophobic part with 
a material lyophobic to the liquid in the container body. For 
example, the lyophobic part may be immersed in a material 
lyophobic to the liquid in the container body beforehand so as 
to cover the lyophobic part with it. Further, the lyophobic part 
may be coated with a material lyophobic to the liquid in the 
container body so as to cover the lyophobic part with it . Further , 
the lyophobic part may be attached with a coating layer lyophobic 
to the liquid in the container body so as to cover the lyophobic 
part with it. Further, the lyophobic part may be deposited with 
a material lyophobic to the liquid in the container body so as 
to cover the lyophobic part with it. Further, the lyophobic part 
may be plated with a material lyophobic to the liquid in the 
container body so as to cover the lyophobic part with the material 
lyophobic to the liquid in the container body. 

Further, the forming step may form a lyophobic part by 
irradiating ultraviolet rays on a predetermined material. 
Furthermore, the forming step may form a lyophobic part by 
performing a roughening process for a predetermined material. 
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BRIEF DESCRTPTION OF TH E DRAWINGS 
In the drawings, 
Fig. 1 is a perspective view showing ink cartridges which 
are an embodiment of a liquid container of the present invention 
5 and the essential section of an ink jet recording apparatus where 
the ink cartridges are mounted; 

Figs. 2A, 2B and 2C are drawings each showing an actuator 
mounted in the ink cartridge shown in Fig. 1 in detail; 

Figs. 3A, 3B and 3C are sectional views each showing the 
10 part of the cavity of the actuator, which is enlarged, when the 
ink cartridge shown in Fig. 1 is charged with ink fully; 

Fig. 4 is a sectional view in the neighborhood of the bottom 
of the container body when the module body that the actuator shown 
in Figs . 2A, 2B and 2C is installed at the end is mounted to the 
15 ink cartridge; 

Fig. 5 is a drawing showing the constitution of an ink 
charging device for charging the ink cartridge with ink by an 
embodiment of the liquid charging method of the present invention; 

Fig. 6 is a drawing showing the constitution of an ink 

2 0 charging device for charging the ink cartridge with ink by another 

embodiment of the liquid charging method of the present invention; 

Fig. 7 is a drawing showing the ink charging procedure using 
the ink charging device shown in Fig. 5; 

Fig. 8 is a drawing showing the ink charging procedure using 
25 the ink charging device shown in Fig. 6; 

Figs. 9A, 9B, 9C and 9D are drawings showing ink cartridges 
which are other embodiments of the liquid container of the present 
invention; 

Figs. 10A, 10B and 10C are sectional views showing varied 

3 0 examples of the ink cartridge shown in Fig. 9C; 

Figs. 11A, 11B, 11C and 11D are drawings showing ink 
cartridges which are still other embodiments of the liquid 
container of the present invention; 

Fig. 12 is a perspective view showing the module body for 
35 attaching the actuator shown in Figs. 2A, 2B and 2C to the 
container body together with the actuator; 

Fig. 13 is a sectional view of an ink cartridge for 
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monochromatic ink, for example, black ink which is an embodiment 
of the liquid container of the present invention; 

Fig. 14 is a sectional view showing the essential section 
of an ink jet recording apparatus suited to the ink cartridge 
shown in Fig. 13; 

Figs . 15A and 15B are drawings showing a lyophilic material 
to a liquid and a lyophobic material to the same, respectively; 

Figs. 16A and 16B are sectional views of the part of the 
actuator shown in Figs. 2A, 2B and 2C which is attached to the 
container body and enlarged; 

Figs. 17A and 17B are sectional views of the part of the 
actuator shown in Figs. 2A, 2B and 2C which is attached to the 
side wall of the container body and enlarged; 

Fig. 18 is a perspective view, viewed from the back, showing 
an ink cartridge for containing a plurality of kinds of ink which 
is an embodiment of the liquid container of the present invention. 

DETAILED DESCRIPTION OF THF PR E FFP.PFD TCMTODTMEWTS 

The present invention will be explained in detail hereunder 
using the embodiments thereof. 

With respect to detection of the liquid condition in the 
liquid container using a concrete vibration phenomenon, several 
methods may be considered. For example, there is a method for 
generating an elastic wave inside the liquid container by an 
elastic wave generation means, receiving a reflected wave 
reflected by the liquid surface or the opposite wall, thereby 
detecting a medium and condition changes thereof in the liquid 
container. Separately from it, there is another method for 
detecting changes in the acoustic impedance from the vibration 
characteristics of a vibrating object . As a method using changes 
in the acoustic impedance, there are a method for vibrating the 
vibration part of an actuator which is a piezo-electric device 
having a piezo-electric element, thereafter, measuring counter 
electromotive force generated by the residual vibration 
remaining in the vibration part, thereby detecting the resonance 
frequency or the amplitude of counter electromotive force 
waveform and detecting changes in the acoustic impedance. 



Moreover, there is a method for measuring the impedance 
characteristics or admittance characteristics of a liquid by a 
measuring instrument, for example, an impedance analyzer of the 
transmission circuit and measuring changes in the current and 
voltage or changes in the current and voltage by the frequency 
when vibration is given to the liquid. 

The present invention provides a method for charging a 
liquid container having a mounted piezo-electric device 
(actuator) used for a method for at least detecting changes in 
the acoustic impedance and detecting the consumption condition 
of a liquid in the liquid container with a liquid and the liquid 
container charged with the liquid by this method. 

Fig. 1 shows ink cartridges and an ink jet recording 
apparatus. A plurality of ink cartridges 180 are mounted in the 
ink jet recording apparatus having a plurality of ink inlets and 
head plates 186 corresponding to the respective ink cartridges 
180 . The plurality of ink cartridges 180 contain different kinds , 
for example, colors of ink respectively. On the respective 
bottoms of the plurality of ink cartridges 180, actuators 106 
which are means for at least detecting the acoustic impedance 
are mounted. Since the actuators 106 are mounted in the ink 
cartridges 180, the residual quantity of ink in the ink cartridges 
180 can be detected. 

The ink jet recording apparatus has the ink inlets 182, 
a holder 184, and the recording head 186. ink is jetted from the 
recording head 186 and the recording operation is executed. The 
ink inlets 182 have air feed ports 181 and ink introduction ports 
not shown in the drawing. The air feed ports 181 feed air to the 
ink cartridges 180. The ink inlets introduce ink from the ink 
cartridges 180 into the recording head 186. The ink cartridges 
180 have air inlets 185 and ink feed ports 187. The air inlets 
185 introduce air from the air feed ports 181 of the ink inlets 
182 . The ink feed ports 187 feed ink to the ink introduction ports 
of the ink inlets 182. when the ink cartridges 180 introduce air 
from the air inlets 185, the ink cartridges 180 prompt feed of 
ink to the ink jet recording apparatus. The holders 184 connect 
ink fed from the ink cartridges 180 via the ink inlets 182 to 



the head plates 186. 

Fig. 2A, Fig. 2Band Fig. 2C show the details of the actuator 
106 which is one example of a piezoelectric device. An actuator 
referred to herein is employed in a method of detecting at least 
the change of acoustic impedance and detecting a consumption state 
of a liquid within the liquid container. Particularly, it is 
employed in a method of detecting at least the change of acoustic 
impedance by detecting resonance frequency from the remaining 
oscillation and detecting a consumption state of a liquid within 
the liquid container. Fig. 2A is an enlarged plan view of the 
actuator 106. Fig. 2B shows a section taken along the line B-B 
in Fig. 2A. Fig. 2C shows a section taken along the line C-C in 
Fig. 2A. 

The actuator 106 has a substrate 178 having a circular 
opening 161 at approximate center of it, an oscillation plate 
176 arranged on one of the faces (hereinafter, referred to as 
"surface") of the substrate 178 so as to cover the opening 161, 
a piezoelectric layer arranged on the side of the surface of the 
oscillation plate 176, an upper portion electrode 164 and a lower 
portion electrode 166 sandwiching the piezoelectric layer 160 
from the both sides, an upper portion electrode terminal 168 for 
electrically coupling to the upper portion electrode 164, a lower 
portion electrode terminal 170 for electrically coupling to the 
lower portion electrode 166, and an auxiliary electrode 172 
provided and arranged between the upper portion electrode 164 
and the upper portion electrode terminal 168 and electrically 
coupling both of these. The piezoelectric layer 160, the upper 
portion electrode 164 and the lower portion electrode 166 have 
a circular portion as a major portion, respectively. The 
respective circular portions of the piezoelectric layer 160, the 
upper portion electrode 164 and the lower portion electrode 166 
forms the piezoelectric elements. 

The oscillation plate 176 is formed so as to cover the 
opening 161 on the surface of the substrate 178. The cavity 162 
is formed by the portion facing the opening 161 of the oscillation 
plate 176 and the opening 161 of the surface of the substrate 
178. The face of the contrary side (hereinafter, referred to as 
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"reverse face") of a piezoelectric element of the substrate 178 
faces the liquid container side, the cavity 162 is configured 
so that the cavity 162 contacts with a liquid. The oscillation 
plate 176 is mounted with respect to the substrate 178 in a 
fluid-tight manner so that even if a liquid enters within the 
cavity 162, the liquid does not leak to the surface side of the 
substrate 178. 

The lower portion electrode 166 is located on the surface 
of the oscillation plate 176, that is to say, on the face of the 
contrary side of the liquid container, and it is mounted so that 
the center of the circular portion which is the major portion 
of the lower portion electrode 166 and the center of the opening 
161 are approximately consistent with each other. It should be 
noted it is set so that an area of the circular portion of the 
lower portion electrode 166 is smaller than that of the opening 
161. On the other hand, on the surface side of the lower portion 
electrode 166, the piezoelectric layer 160 is formed so that the 
center of its circular portion and the center of the opening 161 
are approximately consistent with each other. It is set so that 
an area of the circular portion of the piezoelectric layer 160 
is smaller than that of the opening 161 and larger than that of 
the circular portion of the lower portion electrode 166. On the 
other hand, on the surface side of the piezoelectric layer 160, 
the upper portion electrode 164 is formed so that the center of 
the circular portion which is the major portion of it and the 
center of the opening 161 are approximately consistent with each 
other. It is set so that an area of the circular portion of the 
upper portion electrode 164 is smaller than those of the circular 
portion of the opening 161 and the piezoelectric layer 160 and 
larger than that of the circular portion of the lower portion 
electrode 166. 

Therefore, the major portion of the piezoelectric layer 
160 has a structure so that the major portion of it is sandwiched 
from the front face side and back face side by the major portion 
of the upper portion electrode 164 and the major portion of the 
lower portion electrode 166, respectively, and the piezoelectric 
layer 160 can be effectively deformed and driven. The circular 
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portions which are the major portions of the piezoelectric layer 
160, the upper portion electrode 164 and the lower portion 
electrode 166, respectively, form piezoelectric elements in the 
actuator 106. As described above, the piezoelectric element 
contacts with the oscillation plate 176. Moreover, the largest 
area is the area of the opening 161 among the circular portion 
of the upper portion electrode 164, the circular portion of the 
piezoelectric layer 160 , the circular portion of the lower portion 
electrode 166 and the opening 161. Owing to this structure, the 
actually oscillating region out of the oscillation plate 176 is 
determined by the opening 161. Moreover, since the circular 
portion of the upper portion electrode 164, the piezoelectric 
layer 160 and the circular portion of the lower portion electrode 
166 are smaller than that of the opening 161, the oscillation 
plate 176 is more easily oscillating. Moreover, when comparing 
the circular portion of the upper portion electrode 164 and the 
circular portion of the lower portion electrode 166 both 
connecting with the piezoelectric layer 160 , the circular portion 
of the lower portion electrode 166 is smaller. Therefore, the 
circular portion of the lower portion electrode 166 determines 
the portion of the piezoelectric layer 160 where the piezoelectric 
effect is generated. The upper portion electrode terminal 168 
is formed on the front face of the oscillation plate 176 so that 
it electrically connects with the upper portion electrode 164 
via the auxiliary electrode 172. On the other hand, the lower 
portion electrode terminal 170 is formed on the front face side 
of the oscillation plate 176 so that it electrically connects 
with the lower portion electrode 166. 

It should be noted that the piezoelectric element and the 
oscillating region directly facing the piezoelectric element out 
of the oscillating plate 176 are the oscillating section for 
actually oscillating in the actuator 106. Moreover, it is 
preferable that members contained in the actuator 106 is 
integrally formed by burning each other. The treatment of the 
actuator 106 becomes easier by integrally forming the actuator 
106. Furthermore, the oscillating property is enhanced by 
enhancing the strength of the substrate 178. Specifically, by 
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enhancing the strength of the substrate 178, only the oscillating 
section of the actuator 106 vibrates and portions except for the 
oscillating section do not vibrate. Moreover, the purpose for 
making the portions except for the oscillating section of the 
5 actuator 106 not vibrate can be achieved by making the 
piezoelectric element of the actuator 106 thinner and smaller 
and the oscillation plate 176 thinner in the contrast to by 
enhancing the strength of the substrate 178. 

The upper portion electrode 164 is formed on the front face 

10 side of the piezoelectric layer 160, on the way of connecting 
with the upper portion electrode terminal 168. It is necessary 
to have a step difference equivalent to the sum of the thickness 
of the piezoelectric layer 160 and the thickness of the lower 
portion electrode 166. it is difficult to form this step 

15 difference only by the upper portion electrode 164, if it is 
possible, the connection state between the upper portion 
electrode 164 and the upper portion electrode terminal 168 becomes 
fragile, there may be a risk to be cut. Therefore, the upper 
portion electrode 164 and the upper portion electrode terminal 

2 0 168 are connected by employing the auxiliary electrode 172 as 
an auxiliary member. By dealing with it in such a manner, it 
becomes a structure that the piezoelectric layer 160 as well as 
the upper portion electrode 164 is supported by the auxiliary 
electrode 172, the desired mechanical strength can be obtained, 

25 and the connection between the upper portion electrode 164 and 
the upper portion electrode terminal 168 is capable of being 
secured . 

As a material for the piezoelectric layer 160, it is 
preferable to employ lead zirconate titanate (PZT), lead 

30 lanthanum zirconate titanate (PLZT) or lead less piezoelectric 
film in which lead is not used, and as a material for the substrate 
178, it is preferable to employ zirconia or almina. Moreover, 
for the oscillation plate 176, it is preferable to employ the 
same material with the substrate 178. For the upper portion 

35 electrode 164, the lower portion electrode 166, the upper portion 
electrode terminal 168 and the lower portion electrode terminal 
170, a material having electrical conductivity, for example, a 
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metal such as gold, silver, copper, platinum, aluminum, nickel 
and the like can be employed. 

The actuator 106 constituted as described above can be 
applied to a container for containing a liquid. For example, the 
actuator can be mounted on an ink cartridge and an ink tank, or 
a container containing a washing solvent for solving a recording 
head and the like. 

The actuator 106 shown in Fig. 2A, Fig. 2B and Fig. 2C is 
mounted in the predetermined position on the liquid container 
so that the cavity 162 is contacted with a liquid contained within 
the liquid container. In the case where the liquid is 
sufficiently contained within the liquid container, the interior 
of the cavity 162 and outside of it is filled with the liquid. 
On the other hand, when the liquid within the liquid container 
is consumed and the liquid level is lowered to the point lower 
than the mounting position of the actuator, a state where either 
the liquid does not exist within the cavity 162 or the liquid 
remains only within the cavity 162 and gas exists its outside 
appears. The actuator 106 detects at least difference of 
acoustic impedance occurred by this change of a state. Owing to 
this, the actuator 106 can detect whether or not it is a state 
where a liquid is sufficiently contained within the liquid 
container or more than certain volume of the liquid is consumed. 
Furthermore, the actuator 106 is capable of detecting a kind of 
the ink within the liquid container. 

When the liquid container is the ink cartridge 180 and the 
actuator 106 shown in Figs. 2A, 2B and 2C is mounted to the ink 
cartridge 180, a cavity 162 is positioned in a predetermined 
location of the ink cartridge 180 so as to be in contact with 
ink contained in the ink cartridge 180. When ink is contained 
fully in the ink cartridge 180, the inside and outside of the 
cavity 162 are full of ink. On the other hand, when the ink in 
the ink cartridge 180 is consumed and the ink level lowers down 
to the mounting position of the actuator, a state that no liquid 
exists in the cavity 162 or a liquid remains only in the cavity 
162 and air exists outside it appears. The actuator 106 detects 
at least a difference in the acoustic impedance caused by changes 
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in this state. Thereby, the actuator 106 can detect whether ink 
is fully contained in the ink cartridge 180 or a fixed amount 
of ink or more is consumed. 

To precisely detect the consumption condition of ink in 
5 the ink cartridge 180 by the actuator 106, in the state before 
the ink cartridge 180 is used first or before it is reused, it 
is necessary to charge the ink cartridge 180 with ink so that 
ink is charged in the cavity 162 of the actuator 106. The reason 
for that the cavity 162 is not charged with ink will be explained 
10 below. 

Figs. 3A, 3B and 3C are sectional views showing the part 
of the cavity 162 of the actuator 106, which is enlarged, when 
the ink cartridge 180 is charged with ink fully. Fig. 3A shows 
a state that ink K is not charged in the cavity 162 because air 
15 bubbles remain in the cavity 162 . On the other hand, Fig . 3B shows 
a state that the cavity 162 is charged with ink K. When the 
diameter of the cavity 162 is 0 .5 mm or less, ink is hardly charged 
in the natural state because the diameter of the cavity 162 is 
small. Therefore, even if the ink cartridge is charged with ink 

2 0 fully, as shown in Fig. 3A, air remains in the cavity 162 and 

ink is not charged. On the other hand, even if the diameter of 
the cavity 162 is larger than 0.5 mm, when air bubbles remain 
in the corners of the cavity 162, the air bubbles are hardly 
removed, so that the cavity cannot be charged with ink. 
25 On the other hand, when the diameter of the cavity 162 is 

small, capillary force is acted on the narrow gap formed by the 
cavity 162 . As a result, the air pressure remaining in the cavity 
162 is balanced with the capillary force and a phenomenon that 
the cavity 162 is not full of ink appears, when it is intended 

3 0 to apply pressure to ink K and press ink K into the cavity 162 

when the air pressure remaining in the cavity 162 is balanced 
with the capillary force, as shown in Fig. 3C, the contact angle 
at the contact part of ink K and the cavity 162 is larger than 
the static contact angle and force is acted in the direction of 
3 5 pressing out ink K from the cavity 162. Therefore, to apply 
pressure to ink K and charge the cavity 162 having residual air 
bubbles with ink, it is necessary to apply large pressure enough 
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to crush air bubbles in the cavity 162 to ink K. 

In this embodiment, at the time of removing residual air 
bubbles from the cavity 162 and charging the cavity 162 with ink, 
air is sucked and removed from the ink cartridge 180 and the ink 
5 cartridge 180 is decompressed. When the ink cartridge 180 is 
decompressed, air bubbles can be removed easily from the cavity 
162 and the cavity 162 can be charged with ink as shown in Fig. 
3B. 

Fig. 4 is a sectional view in the neighborhood of the bottom 
10 of a container body 1 when a module body 100 that the actuator 
106 shown in Figs . 2A, 2B and 2C is installed at the end is mounted 
to the ink cartridge 180. The module body 100 is mounted so as 
to pass through the wall of a container body 1 . At the junction 
of the wall of the container body 1 and the module body 100, an 
15 O-ring 365 is installed and keeps the liquid tightness between 
the module body 100 and the container body 1. It is preferable 
that the module body 100 has a cylindrical part so as to seal 
with the O-ring 365. 

When the end of the module body 100 is inserted into the 

2 0 container body 1 , ink in the container body 1 is in contact with 

the actuator 106 via a through hole 112 of a plate 110. The 
resonance frequency of the residual vibration of the actuator 
106 varies with whether the circumference of the vibration part 
of the actuator 106 is a liquid or air, so that the consumption 
25 condition of ink can be detected using the module body 100. 

As shown in Fig. 4 , the size of the cavity 162 of the actuator 
106 is smaller than the size of the ink cartridge 180 and the 
module 100 and the diameter is 1 . 0 mm or less . Therefore, as shown 
in Fig. 3A, at the time of charging the ink cartridge 180 with 

3 0 ink, it is difficult by the ordinary charging method to charge 

the cavity 162 with ink without remaining air bubbles in the cavity 
162. 

Fig. 5 shows the constitution of an ink charging device 
20 for charging the ink cartridge 180 with ink. The ink charging 
3 5 device 20 has a vacuum container 14 for internally installing 
the ink cartridge 180, a vacuum pump 10 for sucking and removing 
air from the vacuum container 14, thereby decompressing the ink 
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cartridge 180, and an ink tank 12 for feeding ink to the ink 
cartridge 180 and charging it. 

To charge the ink cartridge 180 with ink, the ink cartridge 
180 is installed in the vacuum container 14 first. Next, the air 
5 inlet 185 of the ink cartridge 180 is closed and air is sucked 
and removed from the vacuum container 14 by the vacuum pump 10 
so as to decompress it. Then, air in the ink cartridge 180 is 
sucked and removed from the ink feed port 187 into the vacuum 
container 14, so that the ink cartridge 180 is decompressed. At 

10 that time, air in the cavity 162 of the actuator 106 mounted to 
the ink cartridge 180 are removed. Next, the ink feed port 187 
of the ink cartridge 180 is closed, and the ink feed tube 24 
connected to the ink tank 12 is connected to the air inlet 185 
of the ink cartridge 180, and ink K is fed from the ink tank 12 

15 to the ink cartridge 180. When connecting the ink feed tube 24 
to the ink cartridge 180, a hollow needle may be installed at 
the end of the ink feed tube 24 and pierced into the air inlet 
185. Since the ink cartridge 180 is decompressed, no air bubbles 
remain in the cavity 162. Therefore, when the ink cartridge 180 

2 0 is charged with ink, the cavity 162 can be easily charged with 

ink K. When the charging of the ink cartridge 180 with ink is 
finished, the air inlet 185 of the ink cartridge 180 is closed, 
and the ink cartridge 180 is removed from the vacuum container 
14, and the charging of ink is finished. Inversely to the method 
25 aforementioned, it is possible to close the ink feed port 187 
first, suck and remove air from the air inlet 185 so as to 
decompress, and charge the ink cartridge 180 with ink via the 
ink feed port 187. Furthermore, both suction and removal of air 
and charging of ink can be executed by either of the air inlet 

3 0 185 and the ink feed port 187. 

At the time of ending of ink charging into the ink cartridge 
180, a predetermined amount of ink may be sucked and ejected via 
the ink feed port 187 of the ink cartridge 180. When a 
predetermined amount of ink is sucked at the time of ending of 
35 ink charging, air bubbles dissolved in ink at the time of ink 
charging can be sucked and removed together with ink. Moreover, 
air bubbles which may remain in the ink feed port 187 can be sucked 
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out at a stroke. By removing air bubbles dissolved in ink, 
deterioration of the print quality due to entry of air bubbles 
dissolved in ink into the recording head and malfunctions due 
to adhering of air bubbles to the actuator 106 can be prevented. 
5 The time of ending of ink charging may be the point of time just 
before the actual ending of ink charging, or the point of time 
simultaneously with the actual ending of ink charging, or the 
point of time immediately after the actual ending of ink charging. 
Furthermore, at the time of decompression of the ink 

10 cartridge 180, it is preferable to decompress the ink cartridge 
180 while keeping it warm. When the ink cartridge 180 is kept 
warm at the time of decompression like this, the viscosity of 
ink to be charged at the time of ink charging is lowered and the 
ink cartridge 180 is easily charged with ink. Further, at the 

15 time of charging the ink cartridge 180 with ink, the ink cartridge 
180 may be kept warm or the ink to be charged may be kept warm. 

Fig. 6 shows another embodiment of the ink charging device. 
In this embodiment, an ink charging device 22 for decompressing 
the ink cartridge 180 is used instead of the vacuum container 

20 14. The ink charging device 22 has a vacuum pump 16 for sucking 
and removing air from the ink cartridge 180 , thereby decompressing 
it and an ink tank 18 for feeding ink and charging the ink cartridge 
180. 

To charge the ink cartridge 180 with ink, the air inlet 
25 185 is closed first and an air suction tube 28 connected to the 
vacuum pump 10 is connected to the ink feed port 187 of the ink 
cartridge 180. A hollow needle is installed at the end of the 
air suction tube 28 and pierced into the ink feed port 187, thus 
the air suction tube 28 may be connected to the ink cartridge 
30 180. 

Next, the vacuum pump 16 is driven and air is sucked and 
removed from the ink cartridge 180 so as to decompress it. Then, 
air existing in the cavity 162 of the actuator 106 mounted to 
the ink cartridge 180 is also removed. 
35 Next, the ink feed port 187 is closed, and an ink feed tube 

26 connected to the ink tank 18 is connected to the air inlet 
185 of the ink cartridge 180, and ink is fed to the ink cartridge 
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180 from the ink tank 18. A hollow needle is installed at the 
end of the ink feed tube 26 and pierced into the air inlet 185, 
thus the ink feed tube 26 may be connected to the ink cartridge 
180. Since the ink cartridge 180 is decompressed, no air remains 
5 in the cavity 162. Therefore, when the ink cartridge 180 is 
charged with ink, the cavity 162 can be easily charged with ink. 

When the charging of the ink cartridge 180 with ink is 
finished, the air inlet 185 and the ink feed port 187 are closed 
and the charging of ink is finished. Inversely to the method 

10 aforementioned, it is possible to suck and remove air from the 
air inlet 185 so as to decompress and charge the ink cartridge 
180 with ink via the ink feed port 187 . Furthermore, both suction 
and removal of air and charging of ink can be executed by either 
of the air inlet 185 and the ink feed port 187. 

15 At the time of ending of ink charging into the ink cartridge 

180, a predetermined amount of ink may be sucked and ejected from 
the ink feed port 187 of the ink cartridge 180. When a 
predetermined amount of ink is sucked at the time of ending of 
ink charging, air bubbles dissolved in ink at the time of ink 

20 charging can be sucked and removed together with ink. Moreover, 
air bubbles which may remain in the ink feed port 187 can be sucked 
out at a stroke. By removing air bubbles dissolved in ink, 
deterioration of the print quality due to entry of air bubbles 
dissolved in ink into the recording head and malfunctions due 

25 to adhering of air bubbles to the actuator 106 can be prevented. 
The time of ending of ink charging may be the point of time just 
before the actual ending of ink charging, or the point of time 
simultaneously with the actual ending of ink charging, or the 
point of time immediately after the actual ending of ink charging. 

30 Further, when air is sucked and removed from the ink 

cartridge 180 so as to decompress it, the ink cartridge 180 may 
be charged with ink at the same time. In this case, it is desirable 
to connect the ink feed tube 26 connected to the ink tank 18 to 
the air inlet 185 beforehand before decompressing the ink 

3 5 cartridge 180 and feed ink to the ink cartridge from the ink tank 
18 simultaneously with decompressing the ink cartridge 180. By 
this method, the time required to charge the ink cartridge 180 
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with ink is shortened. 

In this case, it is preferable that the flow rate of air 
sucked from the ink cartridge 180 is larger than the flow rate 
of ink charged in the ink cartridge 180. Further, at the time 
5 of decompressing the ink cartridge 180, it is preferable to 
decompress the ink cartridge 180 while keeping it warm. When the 
ink cartridge 180 is kept warm like this at the time of 
decompression, the viscosity of ink to be charged at the time 
of ink charging is lowered and the ink cartridge 180 can be easily 

10 charged with ink. Further, at the time of charging the ink 
cartridge 180 with ink, the ink cartridge 180 may be kept warm 
or the ink to be charged may be kept warm. 

Fig. 7 shows the procedure of ink charging using the ink 
charging device 20 shown in Fig. 5. Firstly, the ink cartridge 

15 180 is installed in the vacuum container 14 (S10) . Next, the air 
inlet 185 of the ink cartridge 180 is closed (S12). Next, air 
is sucked and removed from the vacuum container 14 by the vacuum 
pump 10 so as to decompress it, thus the ink cartridge 180 is 
decompressed (S14). Next, the ink feed port 187 of the ink 

20 cartridge 180 is closed (S16). Next, the ink feed tube 24 is 
connected to the air inlet 185 of the ink cartridge 180 (S18). 
Next, ink is fed to the ink cartridge 180 from the ink tank 12 
(S20). Next, when the ink charging into the ink cartridge 180 
is finished, the air inlet 185 and the ink feed port 187 of the 

25 ink cartridge 180 are closed (S22) . Finally, the ink cartridge 
180 is removed from the vacuum container 14 (S24) and the ink 
charging procedure is finished. Inversely to the method 
aforementioned, it is possible to close the ink feed port 187 
first, suck and remove air from the air inlet 185 so as to 

3 0 decompress, and then charge the ink cartridge 180 with ink from 
the ink feed port 187. 

Fig. 8 shows the procedure of ink charging using the ink 
charging device 22 shown in Fig. 6. Firstly, the air inlet 185 
is closed (S26) and the air suction tube 28 connected to the vacuum 

35 pump 10 is connected to the ink feed port 187 of the ink cartridge 
180 (S27) . Next, the vacuum pump 16 is driven and air is sucked 
and removed from the ink cartridge 180 so as to decompress it 
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(S28). Next, the ink feed port 187 is closed (S30), and the ink 
feed tube 26 connected to the ink tank 18 is connected to the 
air inlet 185 of the ink cartridge 180 (S31), and ink is fed from 
the ink tank 18 to the ink cartridge 180 (S32). when the ink 
charging into the ink cartridge 180 is finished, the air inlet 
185 and the ink feed port 187 are closed (S34 ) and the ink charging 
procedure is finished. 

The procedure of feeding ink via the air inlet 185 and 
decompressing via the ink feed port 187 is explained above. 
However, it is possible to feed ink via the ink feed port 187 
and decompress via the air inlet 185. Further, to decompress the 
ink cartridge 180, an exclusive decompression opening may be 
formed in the ink cartridge 180. 

The ink charging device and ink charging method 
aforementioned may be used for a used ink cartridge 180. 
Recharging the used ink cartridge with ink is more difficult than 
charging a new ink cartridge with ink. In the used ink cartridge, 
ink is adhered to the part in the neighborhood of the ink feed 
port 187 or in the cavity 162 of the actuator 106 where fine slits 
and holes exist while in use and air may be shut in the slits 
and holes . When the ink in the ink cartridge is exhausted in this 
state and the ink cartridge is withdrawn, at the time of recharging 
the ink cartridge with ink, it is difficult to charge the slits 
and holes , where ink is adhered and air is shut in by the ordinary 
charging method, with ink. Here, when the ink charging device 
and the ink charging method shown in Figs. 5 to 8 are used, by 
decompressing the ink cartridge 180 , ink shutting air in the slits 
and holes and air shut in the slits and holes by ink are sucked 
and removed and the slits and holes can be easily charged with 
ink. 

Fig. 9A, Fig. 9B, Fig. 9C and Fig. 9D show still other 
embodiments of the ink cartridge 180. An ink cartridge 180G of 
Fig. 9A has multiple partition walls 212 extending from the upper 
surface 194c of the ink container 194 to the lower portion. Since 
the predetermined gap is formed between the lower ends of the 
respective partition walls 212 and the bottom surface of the ink 
container 194, the bottom portion of the ink container 194 is 
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communicated . The ink cartridge 1 8 OG has the multiple containing 
chambers 213 laid out per block by the multiple partition walls 
212 . The bottom portions of the multiple containing chambers 213 
are communicated with each other. In the respective multiple 
5 containing chambers 213, the actuators 106 are mounted on the 
upper surface 194c of the ink container 194. It is preferably 
that the multiple actuators 106 integrally molded as shown in 
Figs. 2A, 2B and 2C are employed as these multiple actuators 106. 
The actuators 106 are arranged approximately at the center of 

10 the upper surface 194c of the containing chambers 213 of the ink 
container 194 . The largest volume of the containing chambers 213 
is the volume of the containing chamber on the side of the ink 
feed port 187, and as the containing chambers away from the ink 
feed port 187 toward the backward of the ink container 194, the 

15 volume of the containing chambers 213 are gradually smaller. 
Therefore, intervals at which the actuators 106 are arranged is 
wider on the side of the ink feed port 187, and the far away from 
the ink feed port 187 to the interior of the ink container 194, 
the narrower the intervals become. 

20 Since the ink is drained from the ink feed port 187 and 

the air enters from the air inlet 185, the ink is consumed from 
the containing chamber 213 on the side of the ink feed port 187 
to the containing chamber 213 located backward of the ink 
cartridge 180G. For example, the ink of the containing chamber 

25 213 nearest from the ink feed port 187 is consumed, and during 
the ink liquid level of the containing chamber 213 nearest from 
the ink feed port 187 is lowered, the ink is filled within the 
other containing chambers 213. When the ink of the containing 
chamber 213 nearest from the ink feed port 187 is completely 

3 0 consumed, the air invades into the containing chamber 213 secondly 
numbered from the ink feed port 187, the ink within the second 
containing chamber 213 begins to be consumed, and the ink liquid 
level of the second containing chamber 213 begins to be lowered. 
At this point in time, in the containing chambers after the 

35 containing chamber 213 thirdly numbered from the ink feed port 
187, the ink is filled. In this way, the ink is consumed in turn 
from the containing chamber 213 nearest from the ink feed port 
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187 to the containing chamber 213 which is far from the ink feed 
port 187. 

In this way, since the actuators 106 are arranged on the 
upper surface 194c of the ink container 194 at the intervals per 
each containing chamber 213, the actuators 106 can detect the 
reduction of the ink volume step by step . Furthermore , the volume 
of the containing chamber 213 is gradually smaller from the volume 
of the containing chamber on the side of the ink feed port 187 
to the volume of the backward of the containing chamber 213, a 
time interval from the point in time at which the actuator 106 
detects the reduction of the ink volume to the next point in time 
at which the actuator 106 detects the reduction of the ink volume 
is gradually small, and the more it is close to the ink end, the 
more frequently it can detect. 

In an ink cartridge 180G shown in Fig. 9A, it is difficult 
to charge a containing chamber 213 farthest away from the ink 
feed port 187 with ink. Particularly, the containing chamber 213 
on the innermost side is narrow, so that it is difficult to charge 
it with ink. Furthermore, it is more difficult to remove air 
bubbles remaining in the cavity 162 of the actuator 106 mounted 
to the farthest containing chamber 213 from the ink feed port 
187 and charge it with ink. 

In this case, when the ink charging device and the ink 
charging method shown in Figs. 5 to 8 are used, the containing 
chamber 213 and the cavity 162 of the actuator 106 mounted to 
the containing chamber 213 can be easily charged with ink. Since 
the containing chamber 213 farthest away from the ink feed port 
187 is to be charged with ink, it is possible to form an opening 
in the upper part of the containing chamber 213 farthest away 
from the ink feed port 187, charge ink from the opening, and then 
charge ink in the containing chamber 213 neighboring to the ink 
feed port 187. Further, it is possible to charge the containing 
chamber 213 neighboring to the ink feed port first and then the 
containing chamber 213 farther away from the ink feed port with 
ink. 

An ink cartridge 18 OH of Fig. 9B has one partition wall 
212 extending from the upper surface 194c of the ink container 
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194 to the lower portion. Since the predetermined interval is 
spaced between the lower end of the partition wall 212 and the 
bottom surface of the ink container 194, the bottom portion of 
the ink container 194 is communicated. The ink cartridge 180H 
5 has two containing chambers 213a and 312b divided by the partition 
wall 212. The bottom portions of the containing chambers 213a 
and 313b are communicated with each other. The volume of the 
containing chamber 213a on the side of the ink feed port 187 is 
larger than that of the containing chamber 213b backward from 

10 the ink feed port 187. It is preferable that the volume of the 
containing chamber 213b is smaller than a half of the volume of 
the containing chamber 213a. 

The actuator 106 is mounted on the upper surface 194c of 
the containing chamber 213b. Furthermore, in the containing 

15 chamber 213b, a buffer 214 which is a channel for catching bubbles 
entering at the time of manufacturing the ink cartridge 180H is 
formed. In Fig. 9B, the buffer 214 is formed as a channel 
extending from the side wall 194b of the ink container 194 to 
the upper portion. Since the buffer 214 catches the bubbles 

2 0 invaded within the ink containing chamber 213b, it can prevent 
the actuator 106 from malfunctioning to detect an ink end by the 
bubbles. Moreover, by providing the actuator 106 on the upper 
surface 194c of the containing chamber 213b, and by correcting 
an ink volume from the point in time when the ink near end is 

25 detected to the point in time when it is completely ink end state 
by corresponding to the ink consuming state in the containing 
chamber 213a grasped by dot counter, the ink can be consumed to 
the last. Furthermore, a consumable ink volume after the ink near 
end is detected can be changed by adjusting the volume of the 

30 containing chamber 213b by changing the lengths and intervals 
of the partition wall 212 and the like. 

In an ink cartridge 180H shown in Fig. 9B, it is difficult 
to charge a containing chamber 213b farther away from the ink 
feed port 187 with ink. Furthermore, it is more difficult to 

35 remove air bubbles remaining in the cavity 162 of the actuator 
106 mounted to the containing chamber 213b and charge it with 
ink. In this case, when the ink charging device and the ink 



charging method shown in Figs. 5 to 8 are used, the containing 
chamber 213b and the cavity 162 of the actuator 106 mounted to 
the containing chamber 213b can be easily charged with ink. Since 
the containing chamber 213b farther away from the ink feed port 
187 is to be charged with ink, it is possible to form an opening 
in the upper part of a buffer 214, charge ink from the opening, 
and then charge ink in the containing chamber 213a neighboring 
to the ink feed port 187. Further, it is possible to charge the 
containing chamber 213a neighboring to the ink feed port first 
and then the containing chamber 213b farther away from the ink 
feed port with ink. 

in Fig. 9C, the containing chamber 213b of an ink cartridge 
1801 of Fig. 9B is filled with a porous member 216. The porous 
member 216 is set so as to embed the whole space from the upper 
surface within the containing chamber 213b to the lower surface. 
The porous member 216 contacts with the actuator 106. When the 
ink container fell down or during the reciprocation movement on 
the carriage, the air invades the containing chamber 213b, thereby 
resulting in a risk for causing the malfunction of the actuator 
106. However, if the porous member 216 is equipped with it, the 
porous member 216 can prevent the actuator 106 from being invaded 
by the air by catching the air. Moreover, since the porous member 
216 holds the ink, it can prevent that the ink runs over the 
actuator 106 and the actuator 106 falsely detects the presence 
of the ink by swinging the ink container although there is no 
ink under normal state, it is preferable that the porous member 
216 is set in the containing chamber 213 of the smallest volume. 

Moreover, the ink can be consumed to the last by providing 
the actuator 106 on the upper surface 194c of the containing 
chamber 213b and by correcting an ink volume from the point in 
time when the ink near end is detected to the point in time when 
it is in a complete ink end state. Furthermore, a consumable ink 
volume after the ink near end is detected can be changed by 
adjusting the volume of the containing chamber 213b by changing 
the lengths and intervals of the partition walls 212 and the like. 

In an ink cartridge 1801 shown in Fig. 9C, it is difficult 
to charge a containing chamber 213b with a porous member 216 
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installed farther away from the ink feed port 187 with ink. 
Furthermore, it is more difficult to charge the cavity 162 of 
the actuator 106 mounted to the containing chamber 213b with ink 
without leaving air bubbles . In this case, when the ink charging 
device and the ink charging method shown in Figs. 5 to 8 are used, 
the containing chamber 213b, the cavity 162 of the actuator 106 
mounted to the containing chamber 213b, and the porous member 
216 can be easily charged with ink. Since the containing chamber 
213b farther away from the ink feed port 187 is to be charged 
with ink, it is possible to form an opening in the upper part 
of a buffer 214, charge ink from the opening, and then charge 
ink in the containing chamber 213a neighboring to the ink feed 
port 187. Further, it is possible to charge the containing 
chamber 213 a neighboring to the ink feed port first and then the 
containing chamber 213b farther away from the ink feed port with 
ink. 

Fig. 9D shows an ink cartridge 180 J composed of two kinds 
of porous member 216A and 216B having different pore sizes instead 
of the porous member 216 of the ink cartridge 1801 of Fig. 9C. 
The porous member 216A is arranged in the upper portion of the 
porous member 216B. The pore size of the porous member 216A of 
the upper side is larger than the pore size of the porous member 
216B of the lower side. Or, the porous member 216A is formed by 
the member whose affinity for a liquid is higher than that of 
the porous member 216B. 

Since the capillary attraction of the porous member 216B 
whose pore size is small is larger than that of the porous member 
216A whose pore size is large, the ink within the containing 
chamber 213b congregates to the porous member 216B of the lower 
side, and held. Therefore, once the air arrives at the actuator 
106 and the absence of the ink is detected, there is no chance 
that the ink arrives at the actuator again and the presence of 
the ink is detected. Furthermore, since the ink is absorbed by 
the porous member 216B of the far side from the actuator 106, 
the ink nearby the actuator 106 is drained well, and a changing 
value of the acoustic impedance when the presence or absence of 
the ink is detected. Moreover, the ink can be consumed to the 
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last by providing the actuator 106 on the upper surface of the 
containing chamber 213b and by correcting an ink volume from the 
point in time when the ink near end is detected to the point in 
time when the ink is in a complete ink end state. Furthermore, 
a consumable ink volume after the ink near end is detected can 
be changed by adjusting the volume of the containing chamber 213b 
by changing the lengths and intervals of the partition walls 212 
and the like. 

In an ink cartridge 180 J shown in Fig. 9D, it is difficult 
to charge a containing chamber 213b with porous members 216A and 
216B installed farther away from the ink feed port 187 with ink. 
Furthermore, it is more difficult to charge the cavity 162 of 
the actuator 106 mounted to the containing chamber 213b with ink 
without leaving air bubbles there. In this case, when the ink 
charging device and the ink charging method shown in Figs . 5 to 
8 are used, the containing chamber 213b with the porous members 
216A and 216B installed and the cavity 162 of the actuator 106 
mounted to the containing chamber 213b can be easily charged with 
ink. Since the containing chamber 213b farther away from the ink 
feed port 187 is to be charged with ink, it is possible to form 
an opening in the upper part of a buffer 214, charge ink from 
the opening, and then charge ink in the containing chamber 213a 
neighboring to the ink feed port 187. Further, it is possible 
to charge the containing chamber 213a neighboring to the ink feed 
port first and then the containing chamber 213b farther away from 
the ink feed port with ink. 

Fig. 10A, Fig. 10B and Fig. 10C are sectional views showing 
ink cartridges 180K, 180L which are other embodiments of the ink 
cartridge 1801 shown in Fig. 9C. The porous members 216 of the 
ink cartridges 180K, 180L shown in Fig. 10A, Fig. 10B and Fig. 
10C are designed so that sectional areas in the horizontal 
direction of the lower portions of the porous members 216 are 
compressed so as to be gradually smaller toward the bottom surface 
of the ink container 194 and their pore sizes are smaller toward 
the bottom surface. In the ink cartridge 180K of Fig. 10A, a rib 
is provided on the side wall to compress the porous member so 
that the pore size of the porous member 216 of the lower side 
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is smaller. 

Since the pore size of the lower portion of the porous 
member 216 is compressed and be small, the ink is congregated 
to the lower portion of the porous member 216 and held. Since 
the ink is absorbed by the porous member 216B of the far side 
from the actuator 106, the ink nearby the actuator 106 is drained 
well, and a changing value of the acoustic impedance when the 
presence or absence of the ink is detected. Therefore, it can 
be prevented that the ink runs over the actuator 106 mounted on 
the upper surface of the ink cartridge 18 OK by the ink swinging 
and the actuator 106 falsely detects the presence of the ink 
although there is no ink under normal state. 

On the other hand, in an ink cartridge 180L of Fig. 10B 
and Fig. 10C, sectional area in the horizontal direction of the 
lower portion of the porous member 216 is compressed so as to 
be gradually smaller toward the bottom surface of the ink 
container 194 and its pore size is gradually smaller toward the 
bottom surface. 

Since the pore size of the porous member of the lower 
portion is compressed and be small, the ink is congregated to 
the lower portion of the porous member 216 and held. Since the 
ink is absorbed by the porous member 216B of the far side from 
the actuator 106, the ink nearby the actuator 106 is drained well, 
and a changing value of the acoustic impedance when the presence 
or absence of the ink is detected. Therefore, it can be prevented 
that the ink runs over the actuator 106 mounted on the upper 
surface of the ink cartridge 180K by the ink swinging and the 
actuator 106 falsely detects the presence of the ink although 
there is no ink under normal state. 

in ink cartridges 180K and 180L shown in Figs. 10A and 10B, 
it is difficult to charge a containing chamber 213b with the porous 
member 216 installed farther away from the ink feed port 187 with 
ink. Furthermore, it is more difficult to charge the cavity 162 
of the actuator 106 mounted to the containing chamber 213b with 
ink without leaving air bubbles there. In this case, when the 
ink charging device and the ink charging method shown in Figs. 
5 to 8 are used, the containing chamber 213b, the cavity 162 of 



the actuator 106 mounted to the containing chamber 213b, and the 
porous member 216 can be easily charged with ink. Since the 
containing chamber 213b farther away from the ink feed port 187 
is to be charged with ink, it is possible to form an opening in 
the upper part of a buffer 214, charge ink from the opening, and 
then charge ink in the containing chamber 213a neighboring to 
the ink feed port 187. Further, it is possible to charge the 
containing chamber 213a neighboring to the ink feed port first 
and then the containing chamber 213b farther away from the ink 
feed port with ink. 

Fig. 11A, Fig. 11B, Fig. lie and Fig. 11D show still other 
embodiments of the ink cartridge using the actuator 106. An ink 
cartridge 220Aof Fig. llAhas a first partition wall 222 extending 
from the upper surface to the lower portion. Since the 
predetermined gap is spaced between the lower end of the first 
partition wall 222 and the bottom surface of the ink cartridge 
22 OA, the ink can flow into the ink feed port 230 through the 
bottom surface of the ink cartridge 2 2 OA. On the side of the ink 
feed port 230 away from the first partition wall 222, a second 
partition wall 224 is formed as being stood upward from the bottom 
surface of the ink cartridge 220A. Since the predetermined gap 
is spaced between the upper end of the second partition wall 224 
and the upper surface of the ink cartridge 2 2 OA, the ink can flow 
into the ink feed port 230 through the upper surface of the ink 
cartridge 2 2 OA. 

A first containing chamber 225a is formed on the back side 
of the first partition wall 222, when it is seen from the ink 
feed port 23 0 , by the first partition wall 222 . On the other hand , 
a second containing chamber 225b is formed on the front side of 
the second partition wall 224, when it is seen from the ink feed 
port 230, by the second partition wall 224. The volume of the 
first containing chamber 225a is larger than the volume of the 
second containing chamber 225b. The capillary pass 227 is formed 
by spacing the first partition wall 222 and the second partition 
wall 224 with each other so that the capillary phenomenon occurs 
between them. Therefore, the ink of the first containing chamber 
225a is congregated to the capillary pass 227 by capillary 
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attraction of the capillary pass 227. Therefore, the entrapment 
of gas and a bubble in the second containing chamber 225b can 
be prevented. Moreover, the ink liquid level within the second 
containing chamber 225b can be gradually and stably lowered. 
Since the first containing chamber 225a is formed on the back 
side of the second containing chamber 225b when it is seen from 
the ink feed port 230, after the ink of the first containing 
chamber 225a is consumed, the ink of the second containing chamber 
225b is consumed. 

The actuator 106 is mounted on the side wall of the ink 
feed port 230 side of the ink cartridge 220A, that is to say, 
on the side wall of the ink feed port 230 side of the second 
containing chamber 225b. The actuator 106 detects an ink 
consuming state within the second containing chamber 225b. An 
ink remaining volume at the point in time nearer to the ink end 
can be stably detected by mounting the actuator 106 on the side 
wall of the second containing chamber 225b. Furthermore, an ink 
remaining volume at which point in time is made as the ink end 
can be freely set by changing the height at which the actuator 
106 is mounted on the side wall of the second containing chamber 
225b. Since the actuator 106 is not influenced by the ink 
laterally swinging of the ink cartridge 220A by supplying the 
ink from the first containing chamber 225a to the second 
containing chamber 225b through the capillary pass 227, the 
actuator 106 can securely measure the ink remaining volume. 
Furthermore, since the capillary pass 227 holds the ink, it is 
prevented that the ink is refluxed from the second containing 
chamber 225b to the first containing chamber 225a. 

A check valve 228 is provided on the upper surface of the 
ink cartridge 220A. When the ink cartridge 220A is laterally 
swung, it can be prevented that the ink leaks to the external 
of the ink cartridge 220A by the check valve 228. Furthermore, 
the evaporation of the ink from the ink cartridge 2 2 OA can be 
prevented by setting the check valve 228 on the upper surface 
of the ink cartridge 22 OA. when the ink within the ink cartridge 
22 OA is consumed and negative pressure within the ink cartridge 
22 OA exceeds over the pressure of the check valve 228, the check 
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valve 228 is opened, absorbs the air into the ink cartridge 220A, 
and subsequently it is closed and maintains the pressure within 
the ink cartridge 22 OA at a certain level. 

Fig. 11C and Fig. 11D show sections of the check valve 228 
in detail . The check valve 228 of Fig. lie has a valve 232 having 
a vane 232a formed with a rubber. An air hole 233 communicated 
with the external of the ink cartridge 220 is provided on the 
ink cartridge 220 as opposing to the vane 232a. The air hole 233 
is opened and closed by the vane 232a. In the check valve 228, 
when the ink within the ink cartridge 220 is reduced and the 
negative pressure within the ink cartridge 220 exceeds over the 
operation pressure of the check valve 228, the vane 232a opens 
inside of the ink cartridge 220, and takes the air of the external 
into the ink cartridge 220. The check valve 228 of Fig. 11D has 
the valve 232 formed with a rubber and a spring 235 . in the check 
valve 228, when the negative pressure within the ink cartridge 
220 exceeds over the operation pressure of the check valve 228, 
the valve 232 pushes and pressurizes the spring 235 to be opened, 
absorbs the air of the external into the ink cartridge 220, and 
subsequently closed and maintains the negative pressure within 
the cartridge 220 at a certain level. 

In an ink cartridge 220B of Fig. 11B, instead of providing 
the check valve 228 in the ink cartridge 220A of Fig. 11a, the 
porous member 242 is arranged. The porous member 242 prevents 
that the ink leaks to the external of the ink cartridge 22 0B when 
the ink cartridge 2 2 0B is laterally swung as well as the porous 
member 242 holds the ink within the ink cartridge 2 2 0B. 

In an ink cartridge 2 2 OA, when ink is fed from a check valve 
228, a second containing chamber 225b with an actuator 225b 
mounted may not be charged with ink fully due to a capillary path 
227. Further, even if ink is charged from an ink feed port 230, 
it is difficult to charge a first containing chamber 225a with 
ink fully due to the capillary force of the capillary path 227. 
Further, it is more difficult to charge the cavity 162 of the 
actuator 106 mounted to the containing chamber 225b with ink 
without leaving air bubbles there, in this case, when the ink 
charging device and the ink charging method shown in Figs. 5 to 
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8 are used, the containing chambers 225a and 225b and the cavity 
162 of the actuator 106 mounted to the containing chamber 225b 
can be easily charged with ink . For example , when the ink charging 
device shown in Fig. 5 is used, firstly, the ink cartridge 220A 
is installed in the vacuum container 14. Next, the check valve 
228 is closed and air is sucked from the ink feed port 230 by 
the vacuum pump 10 so as to decompress the ink cartridge 2 2 OA. 
Next, to charge the ink cartridge 2 2 OA with ink, ink may be charged 
from the ink feed port 230 or ink may be charged from the check 
valve 228 after closing the ink feed port 230. 

In an ink cartridge 2 2 OB, when ink is fed from an opening 
250 formed in the upper part of the ink feed chamber 225a, the 
second containing chamber 225b with the actuator 225b mounted 
may not be charged with ink fully due to a porous member 242 and 
the capillary path 227 . Further, even if ink is charged from the 
ink feed port 230, it is difficult to charge the first containing 
chamber 225a with ink fully due to the porous member 242 and the 
capillary force of the capillary path 227. Further, it is more 
difficult to charge the cavity 162 of the actuator 106 mounted 
to the containing chamber 225b with ink without leaving air 
bubbles. In this case, when the ink charging device and the ink 
charging method shown in Figs. 5 to 8 are used, the containing 
chambers 225a and 225b and the cavity 162 of the actuator 106 
mounted to the containing chamber 225b can be easily charged with 
ink. For example, when the ink charging device shown in Fig. 5 
is used, firstly, the ink cartridge 220B is installed in the vacuum 
container 14. Next, the ink feed port 230 is closed and air is 
sucked from the opening 250 formed in the upper part of the 
containing chamber 225a by the vacuum pump 10 so as to decompress 
the ink cartridge 2 2 0B. Next, to charge the ink cartridge 22 0B 
with ink, ink may be charged from the ink feed port 230 or ink 
may be charged from the opening 250 after closing the ink feed 
port 230. 

Fig. 12 is a perspective view showing a configuration 
integrally forming the actuator 106 as a module body 100. The 
module body 100 is equipped on the predetermined location of the 
container body 1. The module body 100 is configured so that it 
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detects a consuming state of the liquid within the container body 
1 by detecting at least a change of acoustic impedance in the 
ink liquid. 

The module body 100 of the present embodiment has a liquid 
container mounting portion 101 for mounting the actuator 106 on 
the container body 1. The liquid container mounting portion 101 
is configured such that a circular cylinder portion 116 containing 
the actuator 106 for oscillating by a drive signal is mounted 
on the base 102 whose plane is approximately rectangular. Since 
it is configured so that the actuator 106 of the module body 100 
cannot be contacted from the external when the module body 100 
is equipped on the ink cartridge, the actuator 106 can be protected 
from contacting it from the external. It should be noted that 
an edge of tip side of the circular cylinder portion 116 is formed 
in a round shape, and it is easily interf itted when it is equipped 
in the hole formed on the ink cartridge. 

Fig. 13 is a cross sectional view of an embodiment of an 
ink cartridge for monochromatic ink, for example, black ink, to 
which the present invention is applied. In the ink cartridge 
shown in Fig. 13, the consumption condition of ink is detected 
by a method for vibrating the vibration part of a piezo-electric 
device (an actuator) having a piezo-electric element, thereafter, 
measuring counter electromotive force generated by the residual 
vibration remaining in the vibration part, thereby detecting the 
resonance frequency or the amplitude of counter electromotive 
force waveform and detecting changes in the acoustic impedance. 
As a means for detecting changes in the acoustic impedance, the 
actuator 106 is used. 

In the container body 1 for containing ink, the ink feed 
port 2 joined with the ink feed needle of the recording apparatus 
is provided. Outside the bottom la of the container body 1, the 
actuator 106 is attached so as to come in contact with the internal 
ink via the through hole lc . In order that the medium in contact 
with the actuator 106 may change from ink to gas in the stage 
that ink K is almost consumed, that is, at the point of time of 
near end of ink, the actuator 106 is installed in a position 
slightly above the ink feed port 2. A means for generating 



36 



vibration may be installed independently and the actuator 106 
may be used just as a detection means. 

Fig. 14 is a sectional view showing the essential section 
of an ink jet recording apparatus suited to the ink cartridge 
shown in Fig. 13 . At the ink feed port 2 , a packing 4 and a valve 
body 6 are installed. As shown in Fig. 14, the packing 4 is 
connected liquid-tightly to an ink feed needle 32 connecting to 
a recording head 31. The valve body 6 is elastically connected 
to the packing 4 by a spring 5 . When the ink needle 32 is inserted, 
the valve body 6 is pressed by the ink feed needle 32 and opens 
the ink flow path and ink in the container body 1 is fed to the 
recording head 31 via the ink feed port 2 and the ink feed needle 
32 . On the upper wall of the container body 1 , a semiconductor 
memory means 7 storing information on ink in the ink cartridge 
is mounted. 

A carriage 30 moving back and forth in the width direction 
of a recording paper has a sub-tank unit 33 and the recording 
head 31 is installed on the bottom of the sub-tank unit 33. The 
ink feed needle 32 is installed on the ink cartridge loading side 
of the sub-tank unit 33. 

The aforementioned ink cartridge of this embodiment has 
a lyophobic part which is lyophobic to a liquid in the container 
body. This respect will be explained hereunder. 

Figs. 15A and 15B are drawings showing conventional 
materials and materials lyophobic to an optional liquid, 
respectively. The lyophobic nature means the lyophobic nature 
to an optional liquid and includes hydrophobic nature, oilphobic 
nature, water repel lency, oil repellency, water-resistant nature, 
°il-resistant nature, ultra -hydrophobic nature, ultra-oilphobic 
nature, ultra-water repellency, ultra-oil repellency, ultra- 
water-resistant nature, and ultra-oil-resistant nature. A 
liquid L is in contact with a material Bl or B2 at a contact angle 
of 01 or 02. The contact angle 01 in Fig. 15A is smaller than 
the contact angle 02 in Fig. 15B. The contact angle 01 is within 
the range from about 30 degrees to about 60 degrees. The reason 
is that the material Bl is not lyophobic because it is not 
subjected to the lyophobic process. 
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On the other hand, in Fig. 15B, the contact angle 02 is 
larger than the contact angle 6l and the material B2 shows 
lyophobic nature to the liquid L. Therefore, the material B2 is 
a lyophobic material to the liquid L. In this embodiment, the 
contact angle of the liquid to the lyophobic part is about 60 
degrees or more and it is preferable that the contact angle is 
closer to 180 degrees. 

With respect to the lyophobic part, the material itself 
may be lyophobic- Even if the material itself is not lyophobic, 
the part may be made lyophobic by covering it with a lyophobic 
material . A highly lyophobic material may be said to be a material 
having high surface tension of liquid in the relationship with 
liquid. 

Figs. 16A and 16B are sectional views of the part of the 
actuator 106 attached to the side wall of the container body 1 
which is enlarged. Fig. 16A is a sectional view of a comparison 
example having no lyophobic part. Fig. 16B is a sectional view 
of this embodiment having a lyophobic part. 

Since there is no lyophobic part in the comparison example 
shown in Fig. 16A, if ink is adhered to a vibration area 176a 
by mistake when there is no ink around the actuator 106, an ink 
drop M stays there. Further, even when ink is adhered around the 
vibration area 176a, the ink drop M may fall and adhere to the 
vibration area 176a by mistake. Therefore, the actuator 106 may 
detect by mistake that there is ink though there is no ink. 

On the other hand, in this embodiment shown in Fig. 16B, 
the lyophobic part means a part which is inkphobic to ink in the 
container body 1. The actuator 106 has a lyophobic part which 
is inkphobic to ink in the container body 1 . The vibration area 
176a of a diaphragm 176 which is at least in contact with ink 
is included in the lyophobic part. Since the vibration area 176a 
is included in the lyophobic part, even if ink is adhered to the 
vibration area 176a by mistake when there is no ink around the 
actuator 106, the contact angle with ink is large, thus ink cannot 
stay in the vibration area 176a and falls by the own weight of 
ink. Therefore, the actuator 106 will not detect by mistake that 
there is ink though there is no ink. 
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The circumference of the vibration area 176a may be 
included in the lyophobic part. For example, an inner side 161a 
of the cavity 162 may be included in the lyophobic part. 
Furthermore, a substrate back 178a of a substrate 178 directed 
5 inward the container body 1 may be included in the lyophobic part 
as inkphobic. Further, not only the actuator 106 but also the 
through hole lc of the container body 1 and the inner wall surface 
Id of the container body 1 are made inkphobic, thus the actuator 
106 and the container body 1 may be included in the lyophobic 
10 part. When the circumference of the vibration area 176a is made 
lyophobic like this, ink adhered by mistake will not stay in the 
cavity 162 and the through hole lc. Thereby, the actuator 106 
will not detect by mistake that there is ink though there is no 
ink. 

1 5 Furthermore , in addition to the actuator 106, the container 

body 1, and the ink feed port 2, all the parts in contact with 
ink in the ink cartridge may be made inkphobic. In such a case, 
all the parts in contact with ink in the ink cartridge are a 
lyophobic part. 

2 0 When the whole part in the ink cartridge is set as a 

lyophobic part, ink will not stay in the container body 1 and 
the actuator 106. Therefore, all the ink in the ink cartridge 
can be used effectively. 

When an ink cartridge having a lyophobic part like this 
25 is used, at the time of recharging of ink, no ink remains in the 
ink cartridge, so that new ink can be recharged without mixing 
old ink that the quality is reduced due contact with air. 

Furthermore, since no ink remains in the ink cartridge, 
at the time of recycling of the ink cartridge, there is no need 

3 0 to internally clean the container body 1 or very simple cleaning 

is sufficient. For example, when an empty ink cartridge is to 
be cleaned, it may be lightly cleaned by a cleaning liquid having 
higher affinity with the inner wall of the ink cartridge and the 
actuator 106 than that of ink contained in the container body 
35 1. More in detail, when the ink cartridge uses aqueous ink, it 
may be lightly cleaned by an oily cleaning liquid having higher 
affinity with the inside of the ink cartridge. Therefore, the 



cleaning time at the time of recycling of the ink cartridge can 
be shortened- Therefore, the cost of recycling of the ink 
cartridge is reduced. 

There is no special restriction on the selection of a 
cleaning liquid as long as the cleaning liquid is more lyophilic 
than ink. A cleaning liquid which is more lyophobic than ink can 
be more accustomed to the inner wall of the ink cartridge and 
the actuator 106. Therefore, impurities remaining in the ink 
cartridge can be washed away simply. 

To leave no ink in the cavity 162, it is possible to make 
the cavity 162 internally inkphobic and make the substrate back 
178a around the cavity 162 lyophilic (inkphilic). 

The lyophilic nature means the affinity with an optional 
liquid and includes hydrophilic nature, oilphilic nature, 
ultra-hydrophilic nature, and ultra-oilphilic nature. The 
contact angle of a liquid to the lyophilic part is about 30 degrees 
or less and it is preferable that the contact angle is closer 
to 0 degrees . 

Furthermore, to leave no ink in the through hole lc, it 
is possible to make the inside of the cavity 162, the substrate 
back 178a, and the inner wall of the through hole lc inkphobic 
and make the inner side Id of the circumference of the through 
hole lc inkphilic. Thereby, ink in the cavity 162 and the through 
hole lc hardly remains in the cavity 162 and the through hole 
lc and easily flows under the container body 1 by passing the 
substrate back 178a and the inner side Id. Even if ink is adhered 
to the actuator 106 and its circumference, ink flows down without 
staying. 

When a liquid in the liquid container does not remain in 
the cavity 162, as compared with a case that ink in the cavity 
162 or the through hole lc remains, at least changes in the 
acoustic impedance which are detected by the actuator 106 are 
remarkable. Therefore, the actuator 106 can detect the existence 
of ink in the ink cartridge more remarkably and precisely. 

Meanwhile, when the cavity 162 or the through hole lc is 
internally made inkphobic, thus the ink cartridge is to be charged 
with ink, it is difficult to charge the cavity 162 or the through 
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hole lc with ink. 

However 7 according to this embodiment, as mentioned above, 
when the container body 1 is to be charged with ink at the time 
of manufacturing of an ink cartridge or when the ink cartridge 
5 is to be reused, the ink cartridge is set to negative pressure 
by evacuation and the ink cartridge is charged or recharged with 
ink using the negative pressure . As a result , although the cavity 
162 and the through hole lc are inkphobic, they are able to be 
filled with ink. 

10 Figs. 17A and 17B are sectional views of the part of the 

actuator 106 attached to the side wall of the container body 1 
which is enlarged. An ink drop which is apt to adhere to the 
actuator 106 by mistake after the ink level passes the actuator 
106 is also shown in the drawing. 

15 Fig. 17A is a drawing showing a comparison example. The 

through hole lc and the cavity 162 are inkphobic, so that ink 
drops adhere to the actuator 106 and the through hole lc and stay 
there. Therefore, there is the possibility that the actuator 106 
may detect by mistake that there is ink in the ink cartridge though 

20 there is no ink in the same. 

Fig. 17B is a drawing showing this embodiment. When the 
through hole lc and the cavity 162 are made inkphobic, ink drops 
cannot adhere to the actuator 106 and fall downward with an almost 
spherical shape kept by surface tension. Therefore, the actuator 

25 106 will not detect the existence of ink in the ink cartridge 
by mistake. 

Next, a lyophobic material will be explained. A lyophobic 
material for forming a lyophobic part is not limited particularly. 
Therefore, an optional lyophobic material can be used. As a 

3 0 strongly lyophobic material, a material including fluorine resin 
(fluoroalkyl compound) and silicone resin are general. For 
example, fluoroolefin and fluorine resin having the perfluoro 
group are stable thermally and chemically and superior in water 
resistance, chemical resistance, solvent resistance, 

35 releasability, abrasion resistance, and water repellency. 
Silicone resin is superior in water repellency and oil repellency. 
However, the composition of paint is often structured by 
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combination with another resin such as acrylic resin, epoxy resin, 
or urethane resin or modification so as to keep the hardness. 

More in detail, the materials to be used are a lacquer type 
fluorine resin material , a fluorine ultraviolet-curing material , 
5 a thermoset fluorine resin material, a fluorine silane coupling 
agent, an epoxy resin composition with fluorine resin particles 
dispersed, a fluorine epoxy resin composition, fluorine diol, 
and polytetrafluoroethylene (PTFE). 

The materials to be used are also a silane coupling agent, 
10 a silicone surface- active agent, silicone rubber, petrolatum, 
hydroxyl group silicon, chemicals using two-component system of 
silicon and acrylic resin, ethyl silicate, N-butyl silicate, 
N-propyl silicate, chlorosilane, alkoxysilane, and silazine. 

Furthermore, the materials to be used may be chemicals 
15 using epoxy resin, cationic polymerization catalyst, digrime, 
PP, PE, PA, PET, PBT, PSF, PES, PEEK, PEI, OPP, PVC, maleic 
petroleum resin alkali salt, paraffin wax, and photocatalyst . 

A method for covering the surface of a predetermined 
material with a lyophobic material is not particularly limited. 

2 0 Therefore, an optional method for covering a lyophobic material 

can be used. As a method for covering a lyophobic material, for 
example, there are plating, coating, film adhesion, and 
deposition available. A lyophobic material may be coated using 
any other known optional arts. For example, in the method by 
25 coating, a lyophobic material may be coated by spin coat of 
dropping a lyophobic liquid before or during rotation of a 
lyophobic part and coating by rotating the lyophobic part, or 
dip coat of immersing and coating the lyophobic part in a lyophobic 
liquid, or roll coat of coating a lyophobic liquid on a lyophilic 

3 0 part by rolling. Further, a lyophilic liquid may be coated on 

a lyophobic part just by a brush. Further, a lyophobic part may 
be formed by adhering a coating layer composed of a lyophobic 
material at a predetermined part. Further, as a method by 
deposition, there are Chemical Vapor Deposition (CVD), plasma 
35 CVD, sputtering, and vacuum vapor deposition available. 

The degree of roughness of the surface of a material may 
affect the water repellency . For example, when a material having 
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a contact angle of 90 degrees or more is subjected to the 
roughening process, the lyophobic property is improved. 

Further, for example, when the material is a lyophobic 
material having a fractal structure, if the degree of roughness 
5 of the surface is increased, the surface becomes super water 
repellent or super oil repellent. Therefore, a lyophobic part 
may be formed by performing the roughening process for the surface 
of a lyophobic material having a fractal structure. However, if 
a material becomes lyophobic by the roughening process, it is 
10 not limited to a material having a fractal structure. 

As a manufacturing method for an ink cartridge having a 
lyophobic part in this embodiment, the following methods may be 
cited . 

The first method installs the actuator 106 shown in Figs. 

15 2A, 2B and 2C to a predetermined tool or masks it so as to expose 
the cavity 162. The predetermined tool is attached to the device 
for forming a lyophobic part and the cavity 162 is internally 
made lyophobic. Thereafter, the actuator 106 is attached to the 
module body 100 and the module body 100 is attached to the ink 

2 0 cartridge. The predetermined tool is formed from a plastic or 
metallic material having a hole in the part of the cavity 162. 
The part other than the cavity 162 may be masked using 
thermoplastic resin. 

By this method, a lyophobic part can be formed only on the 

25 actuator 106. Further, since the lyophobic part is formed before 
the actuator 106 is attached to the module body 100, only the 
actuator 106 should be handled so as to form a lyophobic part. 
Therefore, the manufacturing equipment for ink cartridges can 
be made comparatively small. By doing this, the cost for 

30 manufacturing the same ink cartridges can be reduced. 

The second method mounts the actuator 106 shown in Figs. 
2A, 2B and 2C to the module body 100 first. Thereafter, the second 
method installs the actuator 106 to a predetermined tool or masks 
it so as to expose the cavity 162. The predetermined tool is 

35 attached to the device for forming a lyophobic part and the inside 
of the actuator 106 or the inside of the cavity 106 and the module 
body 100 around it are made lyophobic. Thereafter, the module 
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body 100 is attached to the ink cartridge. 

By this method, the part of the module body 100 around the 
actuator 106 is subjected to the process of making the same 
lyophobic simultaneously with the inside of the cavity 162, thus 
5 the inside of the cavity 162 and the module body 100 around it 
can be made lyophobic. 

The third method mounts the actuator 106 shown in Figs. 
2A, 2B and 2C to the module body 100 first and attaches the module 
body 100. to the ink cartridge. Thereafter, the second method 

10 installs the actuator 106 to a predetermined tool or masks it 
so as to expose the cavity 162 . The predetermined tool is attached 
to the device for forming a lyophobic part and the inside of the 
actuator 106 or the inside of the cavity 106 and the module body 
100 around it are made lyophobic. 

15 By this method, the actuator 106, the module body 100, and 

the inside of the ink cartridge are subjected to the process of 
making them lyophobic at the same time, thus the inside of the 
cavity 162, the module body 100 around it, and moreover the inside 
of the ink cartridge can be made lyophobic. 

2 0 With respect to the module body 100, the part in contact 

with ink may be made lyophobic. 

Fig. 18 is a perspective view, viewed from the back, showing 
an example of ink cartridges for containing a plurality of kinds 
of ink. A container 308 is divided into three ink chambers 309, 

25 310, and 311 by partitions. In the respective ink chambers, ink 
feed ports 312, 313, and 314 are formed. To a bottom 308a of the 
respective ink chambers 309, 310, and 311, actuators 315, 316, 
and 317 are attached so as to transfer an elastic wave to ink 
contained in the respective ink chambers via the container 308. 

30 The inside of the container 308 of the ink cartridges and the 
actuators 315, 316, and 317 in this example are also lyophobic 
respectively . The inner walls of the respective ink chambers 309, 
310, and 311 may be formed so as to be inkphobic. 

The present invention is explained above using the 

35 embodiments. However, the technical scope of the present 
invention is not limited to the scope described in the embodiments 
aforementioned. Various changes and improvements can be added 
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to the embodiments aforementioned. The text described in the 
claims of the patent shows that such changes and improvements 
are included in the scope of the present invention - 

According to the present invention, a liquid container can 
5 be charged with a liquid without leaving air bubbles inside the 
liquid container having a piezo-electric device by which the 
consumption condition of liquid can be detected precisely and 
no complicated seal structure is needed. 

Further, even when a used liquid container is to be reused, 
10 a liquid can be recharged without leaving air bubbles inside the 
used liquid container. 

Furthermore, even when a liquid container internally 
having a lyophobic part is to be used, a liquid can be charged 
without leaving air bubbles inside the liquid container. 



